Localization of the substrate and oxalacetate binding site of succinate dehydrogenase.
Succinate dehydrogenase is composed of two subunits, one of molecular weight 70,000, containing FAD in covalent linkage to a histidyl residue of the polypeptide chain, the other subunit of molecular weight 30,000. The fact that substrate, substrate analogs, and oxalacetate prevent inactivation of the enzyme by thiol-specific agents indicates that a thiol group must be present in close proximity to the flavin. Comparison of the incorporation of radioactivity into each subunit in the presence and absence of succinate or malonate shows that both substrate and competitive inhibitors protect a sulfhydryl group of the 70,000-molecular weight subunit. This indicates that a thiol group of the flavoprotein subunit is part of the active site. Similar investigations using oxalacetate as a protecting agent indicate that the tight binding of oxalacetate to the deactivated enzyme also occurs in the flavoprotein subunit, and may involve the same thiol group which is protected by succinate from alkylation by N-ethylmaleimide. It is clear, therefore, that not only the flavin site but also an essential thiol residue are located in the 70,000-molecular weight subunit. A second thiol group, located in the 30,000-molecular weight subunit, also binds N-ethylmaleimide covalently under similar conditions, without being part of the active site. Succinate, malonate, and oxalacetate do not influence the binding of this inhibitor to the thiol group of the lower molecular weight subunit. Using maleimide derivatives of nitroxide-type spin labels, it has been possible to demonstrate the presence of two types of thiol groups in the enzyme which form covalent derivatives with the spin probe. When the enzyme is treated with an equimolar quantity of the spin probe, a largely isotropic electron spin resonance spectrum is obtained, indicating a high probe mobility. When this site is first blocked by treating the enzyme with an equimolar quantity of N-ethylmaleimide, followed by an equimolar amount of spin label, the label is strongly immobilized with a splitting of 64 gauss. It is suggested that the sulfhydryl group which is involved in the immobilized species is at the active site.